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@ Image processing apparatus. 

© When print data intended to be printed at a 
first resolution has entered, first image data 
based upon the first resolution is created. Each 
pixel of the first resolution is split into a plurality 
of partial pixels, and the on/off state of each 
resulting partial pixel is controlled in depen- 
dence upon the states of the surrounding 
pixels, whereby an image having smooth edges 
is recorded. If the user sets the printing density 
to be high, the percentage of black partial pixels 
added into order to smooth edges is reduced. 
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This invention relates to an image processing ap- 
paratus and. more particularly, to an image proces- 
sing apparatus for printing an output image on a 
prescribed recording medium based upon externally 
inputted print data. 

A laser-beam printer is a typical example of an ap- 
paratus of this kind. Recent laser-beam printers are 
widely employed as computer output units. In particu- 
lar, small-size laser-beam printers having a resolution 
on the order of 300 dpi (dots per inch) are rapidly be- 10 
coming more popular owing to their low cost and com- 
pact nature. 

As illustrated in Fig. 15, an exemplary 300 dpi la- 
ser-beam printer comprises a printer engine 200 for 
actually performing printing on a photosensitive drum 15 
based upon dot data, and a printer controller 1 00 con- 
nected to the printer engine 200 for receiving code 
data sent from an external host computer 300 
generating page information consisting of dot data 
(bit-map data) based upon the code data, and trans- 20 
mitting the dot data to the printer engine 200 in suc- 
cessive fashion. The host computer 300 functions as 
a word processor, for example, for loading application 
software (an application program) from a floppy disk 
500 having the application software, and then starting 25 
the application software 

The application software that can be used is of a 
large variety of types. Accordingly, the user keeps in 
his or her possession a large quantity of data created 
using this variety of application software. 30 

The course of the printing operation in the printer 
controller 100 will now be described with reference to 
Fig. 18. 

As shown in Fig. 18, the printer controller 1 00 in- 
cludes an image memory 1 14 for storing one page of 35 
bit-map data (image data), an address generator 115 
for generating addresses of the image memory 1 14 
an output buffer register 116 for converting image 
data read out of the image memory 1 14 into an image 
signal VIDEO, a synchronizing clock generator circuit 40 
117 for generating an image dock signal VCLK 
synchronized to a well-known beam-detection signal 
(BD signal), which is a horizontal synchronizing sig- 
nal, a CPU 1 1 8 for administering overall control of the 
controller 1 00. a printer l/F. which is an input/output 45 
unit for interfacing signals with the printer engine 200 
and a host l/F 1200. which is an input/output unit for 
interfacing signals with an external host, such as a 
personal computer. 

Operation when the image signal VIDEO is sent so 
to the printer engine in the above arrangement will 
now be described. 

When one page of image data has been prepared 
•n the image memory 114. the printer controller 100 
sends a print-request signal PRINT to the printer en- 55 
gme 200. Upon receiving the PRINT signal, the printer 

f/o™ 200 StartS 3 Printin9 °P era «°n and sends a 
VSREQ signal to the printer controller 100 at such 



time that a vertical synchronizing signal VSYNC (de- 
scribed later) is received and a state is attained in 
which printing can actually be carried out. When the 
VSREQ signal is received, the printer controller 100 
sends the VSYNC signal to the printer engine 200 
and. in order that printing may be carried out from a 
prescribed position in the subordinate scanning direc- 
tion, counts a predetermined period of time from the 
moment of the VSYNC signal. When the counting of 
this predetermined period of time ends, the address 
generator 115 generates addresses successively 
from the beginning address of the image data stored 
in the image memory 114 and reads out the image 
data. The read image data is inputted to the output 
buffer register 116 line by line in terms of the main 
scanning lines. In order that printing may be perfor- 
med from a prescribed position in the main scanning 
direction, a predetermined number of pulses in the im- 
age clock signal VCLK are counted after the BD sig- 
nal, which is generated whenever a printing line is 
subjected to printing processing, is applied, after 
which the output buffer register 1 1 6 transmits the data 
of the prevailing printing line to the printer engine 200 
as the image signal VIDEO synchronized to the VCLK 
signal. An image forming operation is then performed 
by the printer engine 200. 

By performing the above-described operation for 
every of printing page, printing can be carried out on 
paper at the same position at all times. 

As an example of actual operation, assume that 
a code corresponding to "a« (an ASCII code $61 
where "$" indicates a hexadecimal number) has ar- 
nved from the host computer 300. In such case the 
printer controller 1 00 develops a bit map and transfers 
the bit map to the printer engine 200 line by line so that 
the printer engine 200 performs printing as shown in 
Fig. 16. 

However, since a character is composed of a col- 
lection of dots, the jaggedness of the character con- 
tour becomes conspicuous at a character density of 
300 dp.. For this reason, printing using a printer hav- 
ing a higher resolution of. say. 600 dpi has been con- 
sidered. However, when printing is merely performed 
at a recording density of 600 dp. using the dot compo- 
sition as is. the size of the printed character is halved 
in both the vertical and horizontal direction. 

More specifically, when consideration is given to 
the fact that most of the application software used 
thus far as well as the data created employing this ap- 
plication software has been produced for a resolution 
of 240 - 300 dpi. a problem which arises is that even 
if a 600 dpi printer is produced, it cannot cope with 
such application software. Accordingly, a technique is 
required through which the aforementioned appli- 
cation software can be exploited effectively while rais- 
ing the definition of the printed output. 

A method is available in which the dot compo- 
sition is simply doubled within the printer in both the 
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vertical and horizontal directions of the image data to 
be printed, whereby the 300 dpi dot composition is * 
made to apply to 600 dpi. In accordance with this 
method, there is no reduction in the size of the printed 
character. However, when a character printed at 300 
dpi and a character printed at 600 dpi are compared, 
no improvement whatsoever is seen in the jagged- 
ness of the character contour. In short, the printing of 
characters cannot be carried out at a high quality 
which demonstrates the capability of a 600 dpi printer. 1 

One example of a method proposed to solve this 
problem involves keeping the source data at 300 dpi, 
performing interpolation processing when the conver- 
sion from 300 dpi to 600 dpi is made using a 600 dpi 
printer engine, thereby improving upon the jagged 1 
edge of the contour, and printing at 600 dpi. With this 
method, however, it is required that the diameter of 
the laser beam in the printer engine be narrowed 
down, and the cost is very high. 

Though proposals for improving upon the forego- 2< 
ing have been disclosed in the specifications of 
Japanese Patent Application Nos. 63-211501 and 63- 
21 1909 (the assignee of which is the that of the pre- 
sent application), which counterpart has been filed in 
USPTO as USSN 07/398,822. These inventions in- 21 
volve printing in which a pixel of interest to be printed 
is subjected to smoothing signal processing by refer- 
ring to data indicative of the surrounding or peripheral 
pixels and using a single prescribed algorithm. 

Further, as set forth in the specification of Japan- 30 
ese Patent Application No. 1-224690, a method has 
been proposed in which the 300 dpi of the printer en- 
gine is maintained and only the recording density in 
the main scanning direction is raised to improve resol- 
ution [i.e., to achieve a resolution of, say, 1200 dpi 35 
(main scanning) x 300 dpi (subordinate scanning)] so 
that vertical lines in particular are printed smoothly. 

In all of the foregoing methods, however, only a 
single prescribed algorithm can be applied. 

In addition, smoothing signal processing of the 40 
above-mentioned kind is such that different data is 
produced in pseudo fashion. This means that it is es- 
sentially almost impossible to select, in alternative 
fashion, an optimum algorithm for all kinds of data, 
such as data indicative of characters, figures and pic- 45 
tures (dither images), etc. 

For example, the following problems arise: 

(1) There is a difference between the effective- 
ness of smoothing applied to characters (black 
characters) and the effectiveness of smoothing so 
applied to reversed characters (white charac- 
ters). 

(2) Even if a character is capable of being 
smoothed, an attendant drawback is that the den- 
sity of a dither image is raised, thereby resulting 55 
in a darkened picture. 

(3) Characters of small size are deformed. 

(4) Preferences regarding the effects of character 



smoothing differ depending upon the individual. 
The prior is incapable of solving problems of this 
kind. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
image processing apparatus in which, rather than 
merely smoothing the contour jaggedness of printed 
characters, a high-definition image is capable of being 
recorded by a prescribed recording device in confor- 
mity with printing density. 

According to the present invention, the foregoing 
object is attained by providing an image processing 
apparatus for generating an output image based upon 
inputted print data and delivering the output image to 
a prescribed recording device, comprising density 
setting means for setting recording density, input 
means for inputting print data intended to be printed 
at a first resolution, resolution converting means for 
generating image data having a second resolution by 
splitting each pixel in image data, which is based upon 
the print data inputted by the input means, into a 
plurality of partial pixels and then applying a correc- 
tion, and output means for outputting the image data 
converted by the resolution converting means to the 
prescribed recording device, the resolution convert- 
ing means including a plurality of arithmetic means for 
computing the state of each individual partial pixel at 
the second resolution, wherein computations perfor- 
med by individual arithmetic means differ from one 
another, and selecting means for selecting one of the 
plurality of arithmetic means in dependence upon the 
density set by the density setting means. 

According to another aspect of the invention, the 
foregoing object is attained by providing an image 
processing apparatus comprising density setting 
means for setting recording density, generating 
means for generating a synchronizing clock signal in 
a main scanning direction, input means for inputting 
image data, which has a first printing density, in 
synchronization with the synchronizing clock signal 
generated by the generating means, memory means 
for storing a plurality of lines of the image data, input- 
ted by the input means, in main-scanning units, refer- 
ring means for referring to the state of a pixel of 
interest and the states of pixels peripheral to the pixel 
of interest based upon the image data stored in the 
memory means, a plurality of converting means for 
converting image data which corresponds to the pixel 
of interest to a second printing density higher than the 
first printing density based upon the results of refer- 
ence performed by the referring means, selecting 
means for selecting one item of image data, from 
among the image data converted by the plurality of 
converting means, based upon the density set by the 
density setting means, and output means for output- 
ting the image data of the second printing density out- 
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putted by the selecting means. 

According to another aspect of the invention, the 
foregoing object is attained by providing an image 
processing apparatus comprising density setting 
means for setting recording density, generating 5 
means for generating a synchronizing clock signal in 
a main scanning direction, input means for inputting 
•mage data, which has a first printing density, in 
synchronization with the synchronizing clock signal 
generated by the generating means, memory means , 0 

l S '°" n9a Polity of lines of the image data, input- 
ted by the input means, in main-scanning units refer- 
ring means for referring to the state of a pixel of 
mterest and the states of pixels peripheral to the pixel 
of .merest based upon the image data stored in the ,5 
memory means, converting means for converting im- 
age data which corresponds to the pixel of interest to 
a second printing density higher than the first printing 
density based upon the results of reference perfor- 
med by the referring means, pulse-width control 20 

TZ S t ? ntrOMin9 PU ' Se Width of each P ixe| . which 
-s contained in the image data converted by the con- 
verting means, based upon the density set by the den- 
sity setting means, and output means for outputting 
the ,mage data controlled by the pulse-width control 25 

Another object of the invention is to provide an im- 
age processing apparatus in which, rather than 
merely smoothing the contour jaggedness of printed 
SSST 3 " 9h - definitio " ^ * capable 30 

wit ?n„„r h Pnmed by 3 PreSCribed in con *>™ty 
with printing density. 

nhi^ 00 "!!" 9 t0 the Pr6Sent invention - me forgoing 
object ,s atta.ned by providing an image processing 
apparatus for generating an output image based upon 35 
mputtmg pnnt data and printing the output image on 

JZr. reC ° rdin9 medium ' casing density 
setting means for setting recording density, input 
means for inputting print data intended to be printed 
at a first resolution, resolution converting means for 40 
generatmg ,mage data having a second resolution by 
splitting each pixel in image data, which is based upon 

IraiT ? 3ta inPUtted by the input ™ an *- '"to a 

Son a?d° D T al PiX6,S and thSn app * in 9 a «"•»• 
t.on, and printing means for printing the image data 45 

converted by the resolution converting means the Z 
solution converting means including a plurality of 
anthmetic means for computing the state of each in- 
dividual partial pixel at the second resolution, wherein 

means S " y individual ^ so 

2 Tl r m ° ne an ° ther - and se,ecti "9 ™ans 
or selecting one of the plurality of arithmetic means 

Uinn ^ UP ° n the density set b * ^nsity 
setting means. 7 

A further object of the present invention is to pro- 55 
vide an , mage processing apparatus in which an im- 
age whose nature is as intended by the user is 
capable of being printed using a prescribed recording 



device. 

According to the present invention, the foregoing 
object is attained by providing an image processing 
apparatus for generating an output image based upon 
inputted print data and delivering the output image to 
a prescribed recording device, comprising input 
means for inputting image data, memory means for 
stonng a plurality of pixels located within a predeter- 
m.ned area of the image data inputted by the input 
means, output-pixel generating means for generating 
an output pixel upon processing status information in- 
dicative of the plurality of pixels stored in the memory 
means, output means for delivering the output pixel 
generated by the output-pixel generating means to 
he prescnbed recording device, second input means 
for externally inputting data of an algorithm of said 
processing, and control means for performing control 

1117* T & W ' th thS processi "9 algorithm data, in- 
putted by the second input means, in such a manner 
that the output-pixel generating means generates an 
output pixel. 

Still another object of the present invention is to 
provide an image processing apparatus in which an 
excellent image is capable of being recorded by a pre- 
scnbed recording device at an intended picture quality 
irrespective of the type of image to be recorded 

According to the present invention, the foregoing 
object .s attained by providing an image processing 
apparatus for generating an output image based upon 
inputted print data and delivering the output image to 
a prescribed recording device, comprising input 
means for inputting image data having a first resol- 

TrtJFT* means for storing a p,ura,it y of P'^'s 

located within a predetermined area of the image data 
inputted by the input means, interpolating means for 
interpolating image data having a second resolution 
higher than the first resolution by inserting a new pixel 
between pixels stored in the memory means, output 
means for outputting the image data having the sec- 
ond resolution, in which pixels interpolated by the in- 

nTiTh ? h eanS h3Ve bee " 3dded to the P jxel ^ta 
inputted by the input means, second input means for 

ex ernally inputting algorithm data indicative of inter- 

po ation performed by the interpolating means, and 

iTrST* ? r performin 9 con *>l in accordance 
with the interpolation algorithm data, inputted by the 
second input means, in such a manner that the inter- 
polating means generates interpolated pixel data 

According to another aspect of the invention, the 
foregoing object is attained by providing an image 
processing apparatus comprising interpolation 
algorithm data storing means for storing interpolation 
algorithm data inputted from an external device im- 
age-information storing means for storing inputted im- 
age information, and output-image generating means 
for generatmg output image information, which is 
based upon the interpolation algorithm information 
stored ,n the interpolation algorithm data storing 
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means, with respect to the image information stored 
in the image-information storing means, whereby it is 
possible to execute image interpolation processing in 
accordance with any interpolation algorithm inputted 
by the external device. 

Other features and advantages of the present in- 
vention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. t 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating a printer con- 
troller according to a first embodiment of the pre- it 
sent invention; 

Fig. 2 is a block diagram showing a memory unit 
in an image processor depicted in Fig. 1; 
Fig. 3 is a block diagram showing a smoothing un- 
it in the image processor depicted in Fig. 1; 2 o 
Fig. 4 is a diagram showing the construction of a 
three-state latch buffer according to the first 
embodiment; 

Fig. 5 is a timing chart showing various signals in- 
volving an SRAM in the image processor depicted 25 
in Fig. 1; 

Fig. 6 is a diagram showing the relationship be- 
tween a referential pixel area and outputted par- 
tial pixels in a logic circuit in the first embodiment; 
Fig. 7 is a diagram showing the the content of pro- 30 
cessing performed by the arithmetic circuit in the 
first embodiment; 

Figs. 8 -10 are diagrams for describing the con- 
tent of processing of Fig. 7; 

Fig. 11 is a diagram showing a character pattern 35 
before application of smoothing processing ac- 
cording to the first embodiment; 
Fig. 12 is a diagram showing a character pattern 
after application of smoothing processing accord- 
ing to the first embodiment; 40 
Figs. 13 and 14 are block diagrams illustrating an 
image processor according to a second embodi- 
ment of the present invention; 
Fig. 15 is a diagram showing the construction of 
an ordinary laser-beam printer; 45 
Fig. 16 is a diagram showing an example of a 
character pattern to be printed; 
Fig. 17 is a sectional view showing the construc- 
tion of a laser-beam printer according to first 
through eighth embodiments; 50 
Fig. 18 is a block diagram of a printer controller 
in a conventional laser-beam printer; 
Fig. 19 is a block diagram showing a laser-beam 
printer according to a third embodiment; 
Figs. 20 and 21 are block diagrams showing a sig- 55 
nal processing circuit in Fig. 19; 
Fig. 22 is a timing chart indicative of one page of 
image recording in the subordinate scanning di- 



rection; 

Fig. 23 is a timing chart indicative of one line of 
image recording in the main scanning direction; 
Fig. 24 is a timing chart for describing the oper- 
ation of a memory control circuit in Fig. 20; 
Fig. 25 is a diagram showing a principle according 
to which a 300 dpi pixel is split into four parts in 
the third embodiment; 

Figs. 26A and 26B are diagrams respectively il- 
lustrating an image of a diagonal line before 
smoothing processing and after smoothing pro- 
cessing in the third embodiment; 
Figs. 27 and 28 are block diagrams showing a sig- 
nal processing circuit according to a fourth embo- 
diment; 

Fig. 29 is a timing chart for describing the oper- 
ation of an input/output control circuit in Figs. 28 
and 29; 

Fig. 30 is a block diagram of an input/output con- 
trol circuit in the fourth embodiment; 
Fig. 31 is a block diagram of a laser-beam printer 
according to the fifth embodiment; 
Figs. 32 and 33 are block diagrams illustrating an 
image processor according to the fifth embodi- 
ment; 

Fig. 34 is a block diagram showing a printing den- 
sity setting unit according to the fifth embodiment; 
Fig. 35 is a block diagram showing a group of 
logic circuits in Fig. 33; 

Fig. 36 is a diagram showing the state of laser ir- 
radiation by each of the logic circuits in Fig. 35; 
Fig. 37 is a diagram showing the relationship be- 
tween set density and the logic levels of a two-bit 
signal outputted by the printing density setting un- 
it of the fifth embodiment- 
Fig. 38 is a diagram showing the content of pro- 
cessing performed by each logic circuit in Fig. 35; 
Figs. 39 and 40 are block diagrams showing an 
image processor according to the sixth embodi- 
ment; 

Fig. 41 is a block diagram showing a pulse-width 
modifying circuit in Fig. 40; 
Fig. 42 is a timing chart associated with the pul- 
se-width modifying circuit of the sixth embodi- 
ment; 

Fig. 43 is a block diagram relating to signal pro- 
cessing in a printer engine according to the 
seventh embodiment; 

Fig. 44 is a timing chart associated with each of 
the units in Fig. 43; 

Fig. 45 is a block diagram illustrating a compari- 
son circuit in Fig. 43; 

Fig. 46 is a block diagram of a logic circuit in Fiq 
45; 

Fig. 47 is a diagram for describing the principle 
according to which a pixel of interest is generated 
in a first smoothing algorithm; 
Fig. 48 is a diagram showing the data stored in an 



5 



9 



EP 0 506 381 A2 



10 



SRAM based upon the first smoothing algorithm; 
Fig. 49 is a diagram showing an example of a 
character pattern created by the first smoothing 
algorithm; * 

Fig. 50 is a diagram for describing the principle 5 
according to which a pixel of interest is generated 
in a second smoothing algorithm; 
Fig. 51 is a diagram showing the data stored in an 
SRAM based upon the second smoothinq 
algorithm; j<? 
Fig. 52 is a diagram showing an example of a 
character pattern created by the second smoo- 
thing algorithm; 

Fig. 53 is a diagram for describing the principle 
according to which a pixel of interest is generated is 
in a third smoothing algorithm; 
Fig. 54 is a diagram showing the data stored in an 
SRAM based upon the third smoothing algorithm; 
Fig. 55 is a diagram showing an example of a 
character pattern created by the third smoothing 20 
algorithm; s 
Fig. 56 is a block diagram showing a logic circuit 
according to the eighth embodiment; and 
Fig. 57 is a diagram showing an example of the 
data stored in an SRAM based upon a smoothing 25 
algonthm in the eighth embodiment 



DESCRIPTIO N OF THE PRE FFRRFn 
EMBODIMENTS ' 
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Embodiments of the present invention will now be 
described in detail with reference to the accompany- 
ing drawings. 

In the embodiments, a laser-beam printer, which 
is one type of page printer, will be described with re- 35 
ference to Fig. 17. 

Fig. 17 is a sectional view showing the internal 
structure of a laser-beam printer (hereinafter referred 
to as an "LBP") according to an embodiment. This 

,s ^Pable of registering pattern data from a data 40 
source (not shown), registering form data. etc. 

•n Fig. 17, numeral 400 denotes the main body of 
the page printer for inputting and storing printing infor- 
mation (character codes and the like) and form infor- 
mation or macro instructions supplied by an externally 45 
host computer, creating character patterns and form 
patterns corresponding to this information, and form- 
ing an image on recording paper serving as the re- 
cording medium. Numeral 300 designates a control 
panel having manually operated switches and an LED 50 
display unit. Numeral 100 denotes a printer controller 
for performing overall control of the page printer 400 
and analyzing character information supplied by the 
host computer. The printer controller 100 mainly con- 
verts character information into a video signal of the 55 
corresponding character pattern and outputs the 
video signal to a laser driver 102. 

The laser driver 1 02 is a circuit for driving a semi- 

6 



conductor laser 103. Specifically, the laser driver 102 
turns on and off a laser beam 1 04 emitted by the semi- 
conductor laser 103 in dependence upon the inputted 
video signal. The laser beam 104 is made to scan an 
electrostatic drum 106 by being swept back and forth 
by a polygon mirror 105. As a result, an electrostatic 
latent image of a character pattern is formed on the 
electrostatic drum 106. The latent image is transfer- 
red to the recording paper after being developed by a 
developing unit 107 arrayed about the periphery of the 
electrostatic drum 106. After the image on the record- 
ing paper has been fixed, the paper is ejected to the 
outs.de of the apparatus. Cut sheets of paper for use 
in a cassette are employed as the recording paper 
The cassette recording paper is accommodated in a 
paper cassette 108 loaded in the page printer 400 and 
is fed into the apparatus by a feed roller 109 and con- 
veyor rollers 1 1 0. 1 1 1 . whereby the paper is supplied 
to the electrostatic drum 106. 

Preferred embodiments of the present invention 
will now be described in detail with reference to the ac- 
companying drawings. 

Fig. 1 is a block diagram illustrating a first embo- 
diment of an image processing apparatus according 
to the present invention. As described earlier the 
page printer 400 of the laser-beam printer comprises 
the printer controller 100 and the printer engine 200 
The printer controller 1 00 is internally provided with an 
image processor 20 and bit-map development unit 1 0 
Typical examples of signals and data exchanged by 
the printer controller 100 and printer engine 200 are 
a s.gnal group 19 which includes a horizontal 
synchronizing signal, a beam-detection signal 
(hereinafter referred to as a »BD") 14 of the horizontal 
synchronizing signal, and image data (hereinafter re- 
ferred to as "VDO"). in the printer controller 100 a 
video signal (hereinafter referred to as "VIDEO") an 
image clock (hereinafter referred to as "VCLK") and a 
system clock (hereinafter referred to as "SCLK") are 
outputted from the bit-map development unit 10 to the 
image processor 20. The page printer 400 is connec- 
ted to an external device 300 by a cable for receiving 
code data 500 and performing recording processing. 

As for the operation of the above-described ar- 
rangement, the bit-map development unit 10 de- 
velops the code data 500 from the external device 300 
in a memory as a bit map and sends VIDEO 1 1 to the 
image processor 20 in synchronization with a horizon- 
tal synchronizing signal BD 14. The image processor 

?,?r^ PUtS 3 Si9nal VDO 15 - wnic " is based upon 
VIDEO 11 inputted thereto, to the printer engine 200 
Meanwhile, the signal group 19 is exchanged by the 
pnnter controller 100 and printer engine 200 

In particular, in accordance with this embodiment 
the image processor 20 receives VIDEO 1 1 sent from 
the bit-map development unit 10. stores seven lines 
in the mam scanning direction, and develops this into 
seven dots, in the form of a window, in the main scan- 
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ning direction. The image processor 20 performs im- 
age processing as well and sends the results to the 
printer engine 200. 

Figs. 2 and 3 are block diagrams illustrating the 
construction of the image processor 20 according to $ 
the first embodiment. As shown in Figs. 2 and 3, the 
image processor 20 includes a static RAM (hereinaf- 
ter referred to as an "SRAM") 21 , an address counter 
22, a control circuit 23, a three-state latch buffer 24, 
a logic circuit 41 and a parallel-serial converting circuit 10 
42. A clock signal VCLK 13 corresponding to 300 dpi 
from the bit-map development unit 10, a clock signal 
SCLK 12 having the same phase as VCLK 13 and 
eight times the frequency, and VIDEO 11 
synchronized to SCLK 12 are sent to the image pro- 15 
cessor 20. The signal VIDEO 1 1 is connected to one 
input terminal (DO) of the three-state latch buffer 24. 
The output Q0 (which corresponds to DO) of the three- 
state latch buffer 24 is delivered to the input terminal 
of a shift register 29 and to a data pin 1/01 of the SRAM 20 
21. The address of the SRAM 21 is connected to 13 
address lines from the address counter 22. The ad- 
dress length should be enough to store one line of 300 
dpi image data. A read signal 36 and write signal 37 
for the SRAM 21, a latch signal 38 and output enable 25 
signal 39 for the three-state latch buffer 24, and a 
clear signal 40 for the address counter 22 are pro- 
duced by the control circuit 23, the operation of which 
will be described later. 

In Figs. 2 and 3, the control circuit 23 produces a 30 
plurality of states during one period of VCLK 12 in ac- 
cordance with SCLK 13. Accordingly, SCLK 13 has a 
frequency eight times that of VCLK 12, and therefore 
eight steps are capable of being executed during one 
period of VCLK 12. ~ 35 

Fig. 4 is a block diagram illustrating an example 
of the construction of the three-state latch buffer 24 
according to the first embodiment. As shown in Fig. 4, 
the three-state latch buffer 24 comprises a latch circuit 
24a and a buffer circuit 24b. In Fig. 4, only an arrange- 40 
ment corresponding to one bit is shown. 

The operation of circuit peripheral to the SRAM 
will now be described with reference to the timing 
chart of Fig. 5. Fig. 6 is a diagram showing the corres- 
pondence between shift-register output and a logical 45 
expression in the first embodiment In the description 
to follow, data indicative of an n-th pixel is represented 
by data (n), and the address at which this data is 
stored is represented by adr (n). 

When a first clock pulse enters (time t1) after 50 
VCLK 12 shown at (1) Fig. 5 has assumed the low 
level, the enable signal OC [(9) in Fig. 5] of the three- 
state latch buffer 24 becomes false, a buffer circuit 
24a assumes a high impedance, preceding data (n-1 ) 
in the process of being outputted stops [(10) in Fig. 5] 55 
and a state is attained in which there is no input what- 
soever to the data bus of the SRAM 21 . When the sec- 
ond clock pulse enters (time t2), the OE signal 



becomes true [(5) in Fig. 5], the SRAM 21 attains a 
read state ((12) in Fig. 5] and data represented by 
data(n) that has been stored at address adr(n) is out- 
putted on the data bus. 

When the third clock pulse enters (time t3), the 
data(n) that has been outputted on the data bus is 
latched within the three-state latch buffer 24 [(7) in 
Fig. 5]. However, the output enable signal OC shown 
at (9) in Fig. 5 remains false, and therefore no output 
is delivered to the exterior of the three-state latch buf- 
fer 24. Consequently, collisions on the bus do not oc- 
cur. 

When the fourth clock pulse enters (time t4). the 
output enable signal OE of SRAM 21 becomes false 
and the SRAM 21 assumes a floating state. 

When the fifth clock pulse enters (time t5) ? the 
output enable signal OC of the three-state latch buffer 
24 becomes true, the data(n) that has been latched is 
outputted and is sent to the SRAM 21 . However, since 
the write-enable signal WE 37 shown at (1 1 ) in Fig. 5 
is false, the data is not written in the SRAM 21 . 

When the sixth clock pulse enters (time t6), the 
write enable signal WE of the SRAM 21 becomes true 
and data(n) is written in the SRAM 21. 

When the seventh clock pulse enters (time t7), 
the write enable signal WE becomes false and the 
writing operation is completed. 

When the eighth clock pulse enters (time t8), the 
address is updated from adr(n) to adr(n+1) and one 
series of operations relating to the data of one pixel 
is completed. An operation of this kind is performed in 
a similar manner and at the same time with regard 
also to the three-state latch buffer 24 and SRAM 21. 

Thus, data that has been outputted from the data 
pin 101 of SRAM 21 in one cycle of VLCK 12 is written 
in data pin I02 at the same address. Similar proces- 
sing is performed with regard also to the other data 
pins of SRAM 21. By sending the data sequentially, 
seven lines of image data are stored at all times and 
the image data is supplied to shift registers 29 throuqh 
35. 

The shift registers 29 through 35 each have a bit 
length of seven bits and subject the seven lines of im- 
age data sent from the three-state latch buffer 24 to a 
serial-to-parallel conversion. Accordingly, an image 
of 7 x 7 dots in the main and subordinate scanning di- 
rections is developed by the shift registers 29 through 
35. The image of 7 x 7 dots, for a total of 49 dots, is 
supplied to the logic circuit 41. 

The logic circuit 41 applies the 49-bit data to a 7 
x 7-dot window of the kind shown in Fig. 6 and, in ac- 
cordance with prescribed logic, decides four dots a, b, 
c, d resulting from processing a pixel of interest D4. 

Thus, data of seven lines read out of the SRAM 
21 is inputted to the shift registers of seven bits, a se- 
rial-to-parallel conversion is performed by VCLK 12. 
7 x 7 = 49 pixels are referred to. and the outputs of the 
shift registers are fed into the logic circuit 41. In this 
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case, the pixel of interest is the fourth dot portion of 
the shift register 32. 

Based upon the 49 inputs applied thereto, the 
logic circuit 41 decides and outputs pixels of a b c 
d. obtained by splitting the pixel of interest info four s 
parts, as shown in Fig. 6. The output of the logic circuit 
41 is subjected to a parallel-to-serial conversion by 
the parallel-serial converting circuit 42. and the latter 
outputs 1200 dpi pixel data 15. which is then printed 
by the printer engine 200. 

Thus, a, b. c. d decided by the logical conversion 
are outputted simultaneously. In the parallel-serial 
converting circuit 42. the signal SCLK 13 is frequency 
divided by two. this is used to apply a parallel-to-serial 
conversion to the converted pixel data a, b. c. d input- is 
ted at the frequency of VCLK 12, and the image data 
15 ,s outputted in the order a, b, c. d at a frequency 
four times that of VCLK. i.e., in units of 1200 dpi. 

The processing executed by the logic circuit 41 
will now be described with reference to Figs. 7 through 20 
10. Fig. 7 illustrates the contents of processing for pro- 
ducing the partial pixels a. b. c. d (see Fig. 6) obtained 
by splitting the 300 dpi pixel of interest into four parts 
The circle marks in Figs. 8 through 10 represent black 
pixels (dots that are on), and the "X- marks represent 25 
wh.te p,xels (dots that are off). The 300 dpi pixel of in- 
terest is D4. Further, the pixels having upper bars in 
Fig. 7 indicate that the bits at these pixel positions 
have been reversed. In addition, the - mark repre- 
sents a logical product, and the »-« mark represents 30 
a logical sum. 

The details of a logical expression for generating 
the partial pixel a will now be described 

The first term (= C4-D4) of logical expression a is 
for a case where it is desired to preserve the state of 35 
the original pixel, as shown in Fig. 8. The condition for 
this to hold is that the pixel of interest and its neighbor- 
ing p.xels be black. The second term represents logic 
for detecting and preserving right-angled contours. In 
this case, the condition for this to hold is that the pixel 40 
of interest be black and that the five peripheral pixels 
m the Figure be white. The third term is logic for ad- 
ding a dot to a conspicuously jagged portion of a con- 
tour The condition for this to hold is that a prescribed 
number of the peripheral pixels be white and black ir- 45 
respective of the state of the pixel of interest 

A description of the generation of other partial 
pixels will be omitted. 

Figs. 11 and 12 illustrate image data before and 
after smoothing processing, respectively. It will be ap- 50 
predated that the contour of the letter "G" shown in 
Fig. 11 has been improved to that shown in Fig 12 

Further, since the above-described smoothing 
processing takes preservation of density into con- 
sideration, there is no change in density, as a com- 55 
panson of Figs. 1 1 and 1 2 illustrates. 

In the foregoing embodiment, an example is de- 
scribed in which the pixels referred to are 7 x 7 = 49. 



However, this does not impose a limitation upon the 
invention. For example. 9x9 pixels may be used 
Further, though expression is made by a combination 
of 300 dpi and 1200 dpi. this also does not impose a 
limitation upon the invention. 

Thus, in accordance with the first embodiment as 
described above, the contour of an output image can 
be made smooth through an inexpensive arrange- 
ment. M 

Figs. 13 and 14 are block diagrams illustrating an 
example of the construction of an image processor 
according to a second embodiment of the invention 
Circuit portions in Figs. 13 and 14 similar in construc- 
tion and function to those shown in Figs. 2 and 3 are 
designated by like reference characters and need not 
be described again. 

The first embodiment described above is prem- 
ised upon delivery of an image such as that of a 
character However, in a case where an image that 
has been subjected to binarizing processing, such as 
dither processing, is delivered, applying smoothing 
processing will have an adverse effect upon the im- 
age printed as a result of such processing. 

In the second embodiment of the invention, there- 
fore a command signal (hereinafter referred to as 
SMON") 45 is accepted by a logic circuit 41' every 
page in order to decide whether to carry out smoo- 
thing processing. For example, in a case where a 
page contains a dither image, a deterioration in the 
printed image can be prevented by turning off smoo- 
thing, if a p age does not comajn g djther imgge 

thing is turned on so as to carry out an operation 
similar to that of the first embodiment. The type of pro- 
cessing executed by the logic circuit 41 ' in the second 
embodiment is such that processing similar to that of 
the first embodiment is performed when the SMON 
signal is at the "1 " level. When the level of the SMON 
signal is "0". processing is executed so that the logic 
level of the inputted 300 dpi pixel of interest is reflec- 
ted in the partial pixels a, b. c. d in common. 

In the second embodiment described above the 
advantage obtained is that, in addition to the effects 
of the first embodiment, an excellent image can be re- 
produced even with regard to an image that has been 
subjected to dither processing. 

Thus, a logical expression which decides a is set 
up in the manner described above. Since the basic ar- 
rangement for each of the other partial pixels b. c and 
d is the same, no further description need be given 

Thus, in accordance with the second embodi- 
ment, as described above, the contour of an output 
•mage can be made smooth through an inexpensive 
arrangement. 

A third embodiment of the present invention will 
now be described. 

The third embodiment also will be described for a 
case where a 300 dpi laser-beam printer is used 
Fig. 19 is a block diagram showing a third embo- 
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diment in which the image processing apparatus of 
the present invention is applied to a laser-beam print- 
er. The printer shown in Fig. 19 mainly comprises a 
signal processing circuit 205, the printer engine 200, 
the printer controller 100. and an oscillating circuit 5 
206. Mechanically speaking, the signal processing 
circuit 205 of the third embodiment is situated be- 
tween the printer engine 200 and the printer controller 
100, the resolution (in the main scanning direction) of 
the 300 dpi image signal VIDEO outputted by the u 
printer controller 100 is raised to 1200 dpi, and the sig- 
nal is sent to the printer engine 200 as a smoothed sig- 
nal (hereinafter referred to as "SVDO"). 

Other input and output signals associated with 
the signal processing circuit 205 will now be des- n 
cribed. First, input signals from the printer controller 
100 are the VIDEO signal, a vertical synchronizing 
signal (VSYNC) and a signal (SON) which designates 
whether smoothing processing is to be turned on or 
off. An input signal from the printer engine 200 is the 20 
horizontal synchronizing signal (BD). An output signal 
to the printer controller 100 is a VIDEO output clock, 
which is an image clock signal (VCLK) synchronized 
to the BD signal. Further, a CLK signal inputted from 
the oscillating circuit 206 is used as a basic clock with- 25 
in the signal processing circuit 205 and has a fre- 
quency eight times that of the VCLK signal. Since the 
VCLK signal is produced by frequency-dividing the 
CLK signal by eight at a timing synchronized to the BD 
signal, the synchronizing precision of the BD signal 30 
becomes 1/8 of period of VCLK. Accordingly, jitter of 
the image (in the main scanning direction) with res- 
pect to the BD signal is held within 1/8 of one dot and 
therefore an excellent image is obtained. 

The signal processing circuit 205 will be des- 35 
cribed next. 

Figs. 20 and 21 are block diagrams showing the 
construction of the signal processing circuit 205 ac- 
cording to the third embodiment, Figs. 22 and 23 are 
timing charts showing the relationship between the 40 
synchronizing signals and image data. Fig. 24 is a tim- 
ing chart for describing the operation of a memory 
control circuit according to the third embodiment, and 
Figs. 25 and 26 are diagrams for comparing and de- 
scribing data before and after a conversion of printing 45 
density. 

In Figs. 20 and 21, numeral 1 denotes an in- 
put/output control circuit for controlling each of the in- 
put and output signals, 2 a static RAM (hereinafter 
referred to as an "SRAM") having a memory capacity 50 
of 8 K words x 8 bits. 3 an address counter for generat- 
ing addresses of the SRAM 2, 4 a latch having three- 
state output, and 5 a memory control circuit for 
controlling the SRAM 2, the address counter 3 and the 
latch 4. Further, numerals 6 through 12 denote shift 55 
registers. 13 a smoothing logic circuit 14 a parallel- 
to-serial converting circuit and 15 a D-type flip-flop 
(hereinafter referred to as a DFF). 



The operation of this arrangement will now be de- 
scribed. 

As described above in connection with the prior 
art, the printer controller 201 starts transmitting one 
page of the VIDEO signal upon elapse of a prescribed 
time T1 from the VSYNC signal in the subordinate 
scanning direction. The VIDEO signal is indicative of 
"white" data except for the period of time during which 
it is outputted. The relationship between the VSYNC 
signal and the VIDEO signal is illustrated in Fig. 22. 
Meanwhile, in the main scanning direction, the trans- 
mission of one main-scanning line of image data is 
started upon elapse of a prescribed time T2 from the 
horizontal synchronizing signal BD. The printer con- 
troller outputs image data in synchronization with the 
trailing edge of the image clock signal VCLK. In the 
signal processing circuit 205, the above-mentioned 
image data is latched in the DFF 15 at the trailing 
edge of VCLK. The latched image data is then latched 
in the latch 4 by a signal LCLK, which is obtained by 
delaying VCLK by 3/8 of a period. The latch output Q0 
is applied to the input/output pin 1/01 of SRAM 2 so 
as to be written at a prescribed address. The written 
image data is read out at a timing ahead of the writing 
of the image data at the next period of the VCLK sig- 
nal, and the read image data is applied to input termi- 
nal D1 of the latch 4. Thus, the reading of image data 
and the writing of the next item of image data is carried 
out at the same address of the SRAM 2 within one 
period of the VCLK signal. The timing of this operation 
is shown in Fig. 24. When one main-scanning line 
ends, the address counter 3 is reset by a reset signal 
(hereinafter referred to as a "RST" signal") (produced 
at the beginning portion of the BD signal of the next 
main scanning line). After the resetting operation, a 
similar operation is carried out immediately with re- 
gard to the next line of data. Accordingly, data indica- 
tive of white data is written in the SRAM 3 also during 
the time period T2 in Fig. 23. which is the period of 
time during which there is no output of image data. In 
other words, data from the moment the address 
counter 3 is released from the reset state is handled 
as image data (the data in the above-mentioned 
period of time is invalid, i.e., "white"). By repeating the 
foregoing operation, seven pixels of data having the 
same positions in the main scanning direction and be- 
ing arrayed successively in the subordinate scanning 
direction are outputted simultaneously at the outputs 
Q0 - Q6 of the latch 4. In the above-described oper- 
ation, white data is written in all addresses of the 
SRAM 2, thereby initializing the SRAM, in the time 
period T1 (Fig. 2), which is the period during which 
there is no output of image data, following the input of 
the SYNC signal. The foregoing control is carried out 
by the memory control circuit 5. 

Next, the outputs Q0 - Q6 of the latch 4, which 
are indicative of seven continuous main-scanning 
lines of image data, are supplied to the shift registers 
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6-12. respectively. These shift registers are shifted 
sequentially by the leading edge of the image clock 
VCLK. so that seven shifted outputs from respective 
shift registers, for a total of 49 items of data, enter the 
smoothing logic circuit 13. 5 

In the smoothing logic circuit 13. reference is 
made to image data of seven pixels in the main scan- 
ning direction and seven pixels in the subordinate 
scanning direction surrounding a pixel of interest R a 
conversion is made to four items of data a. b. c 'd w 
which are obtained by splitting the pixel of interest into 
the equivalent of 1200 dpi in the main scanning direc- 
tion in accordance with a prescribed algorithm, and 
the result is outputted as parallel data (see Fig 25) 
The four items of data a. b. c. d are converted into se^ ,s 
rial data by the parallel-to-serial converting circuit 14 
The converted items of data a. b. c. d are outputted 
to the printer engine as a smoothed image signal 
SVDO in accordance with clock signal 4CLK. the fre- 

v q /^"J y -TK f WhiCh iS f ° Ur Wmes that of the ima 9* clock 20 
vt-LK. The algorithm within the smoothing logic circuit 
1 3 is not described in detail. However, in case of say 
300 dp, image data from the printer controller, it is 
possible for a diagonal line printed at shown in Fig. 
26 A to be smoothed and printed as shown in Fig. 25 
26(B). 

By way of example, assume that the pixel at the 
center of the 7 x 7-pixel block is the pixel of interest. 
The pixel of interest is black, the black pixels contigu- 
ous to the pixel of interest are two in number, and the 30 
connection relationship among black pixels neighbor- 
ing these black pixels is examined. If it is finally found 
that two end points of a line segment within the 7x7- 
pixel block exist, then it can be determined whether 
he pixel of interest lies on a straight line or on a curve 35 
f it is clarified that pixels are arrayed along a straighi 
line connecting the two end points, then it can be de- 
termined that the pixel of interest lies on a straight line 
When it has been determined that the position of 
the pixel of interest is on a straight line, the following 40 
processing is executed: If there are at least three 
black pixels contiguous in the direction of a neighbor- 
ing pixel contiguous to the pixel of interest, then the 
pixel of interest is left as is. In other words, the partial 
Pixels a. b. c. d corresponding to the pixel of interest 45 
are all turned on. In terms of Fig. 26(A), the pixel 26a 
is left as is. 

If two black pixels but not three black pixels are 
contiguous in the direction of a neighboring pixel con- 
tiguous to the pixel of interest and. moreover, the third so 
pixel is offset by one dot. then three of the partial 
Pixels a. b. c, d of the pixel of interest are turned on 
from the left or right and the remaining partial pixel is 
turned off. In Fig. 26(A). the pixel 26b meets this re- 
quirement In other words, the pixels 26c and 26d are 55 
contiguous to the pixel 26b in the same direction and 
he third pixel 26e is offset to the right by one dot. In 
this case, in order to shift the pixel of interest 26b to 



10 



the right by 1/4 pixel, the partial pixels b. c, d are tur- 
ned on and the remaining partial pixel a is turned off 
It should be noted, however, that the partial pixels a. 
b. c. d corresponding to the white pixel neighboring 
the pixel of interest 26b on its right side are corrected 
based upon the amount of shift of the pixel of interest 
That is, in this case the partial pixel a corresponding 
to the white pixel neighboring the pixel of interest 26b 
its nght side is turned on and the remaining partial 
pixels b. c, d are turned off. 

Similarly, in the case of pixel 26c. this pixel is shif- 
ted to the right by 2/4 pixel, and the pixel 26d is shifted 
to the right by 3/4 pixel. Based upon these amounts 
of shift, the white pixels neighboring the pixels 26c 
26d their right side also are corrected. 

The above-described operation is for a case 
where the signal SON from the printer controller de- 
signating whether smoothing is to be turned on or off 
is valid ("H"). If the SON signal is invalid (»L»). then the 
data indicative of the print pixel R is outputted as is 
In other words, if the data indicative of the print pixel 
R is "black-, then "black" data is outputted along with 

a. b, c and d. If the data indicative of the print pixel R 
is "white", then "white" data is outputted along with a 

b. c and d. Accordingly, the results of printing in this 
case are the same as in a case where printing is per- 
formed by the VIDEO signal from the printer control- 
ler. The printer controller controls the SON signal in 
this manner. As a result, whether smoothing proces- 
sing is turned on or off can be designated based upon 
user preference. 

By constructing the above-described signal pro- 
cessing circuit as a signal processing IC in the form 
of a single chip, with portions other than the SRAM be- 
ing put into the form of a gate array, and by slightly 
modifying the data output portion of the conventional 
printer controller board and adding on the above-men- 
tioned signal processing IC along with an SRAM a la- 
ser-beam printer can be provided in which a 
high-quality image is obtained at low cost. In order to 
make more efficient use of space, an arrangement is 
conceivable in which the signal processing circuit in- 
clusive of the SRAM, is constructed as a single chip 
In such case, an advantage is that the number of in- 
put/output pins can be greatly reduced. Furthermore 
it goes without saying that the signal processing cir- 
cuit may be mounted on the printer engine side. 

In the foregoing embodiment, the area referred to 
at the time of the data conversion is seven pixels in 
the main scanning direction by seven pixels in the 
subordinate scanning direction. However, this does 
not impose a limitation upon the invention, for an even 
higher quality smoothing effect can be obtained if the 
area referred to is nine pixels in the main scanning di- 
rection by nine pixels in the subordinate scanning di- 
rection. Furthermore, though a case is described in 
which 300 dpi image data is converted to 1200 dpi 
data in the main scanning direction, this also does not 
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impose a limitation upon the invention. For example, 
it is possible to make a conversion to data having a 
density of 2400 dpi in the main scanning direction. 
This could be achieved by making the parallel/serial 
converting circuit 14 an eight-bit circuit and using a 
clock whose frequency is eight times that of VCLK as 
the output clock. 

In accordance with the third embodiment, as de- 
scribed above, recording is carried out upon making 
a conversion to data in which the printing density is in- 
creased four-fold in the main scanning direction of 
print data indicative of recording pixels. This makes it 
possible to obtain a high-quality image output at low 
cost. 

Next, a fourth embodiment of the invention will be 
described. 

In the third embodiment set forth above, the trans- 
mission of image data from the printer controller 100 
is performed based upon the VCLK signal produced 
by the signal processing circuit 205. In general, a 
transfer clock of image data synchronized to the BD 
signal is produced within the conventional printer con- 
troller. Furthermore, the synchronizing clock generat- 
ing circuit and the other control circuit are located 
within a gate array, and signals, such as clock signals, 
that are not outputted to the exterior of the gate array 
are numerous. By contrast, in the fourth embodiment, 
a case is illustrated in which use is made of a signal 
processing circuit capable of accommodating also the 
printer controller. 

Figs. 27 and 28 are block diagrams illustrating an 
example of the construction of a signal processing cir- 
cuit according to the fourth embodiment. Circuit por- 
tions in Figs. 27 and 28 similar in construction and 
function to those of the third embodiment are desig- 
nated by reference characters the same those in Figs. 
20 and 21 and need not be described again. Portions 
different from those of the third embodiment have 
apostrophe marks attached to the numerals of the cir- 
cuits corresponding to Figs. 20 and 21. A major differ- 
ence between this embodiment and the third 
embodiment is the control of the input/output signals 
by input/output control circuit 1'. 

Signals that differ from those of the third embodi- 
ment will now be described. 

Fig. 29 is a timing chart for describing operation 
based upon the signals of the fourth embodiment, and 
Fig. 30 is a circuit diagram illustrating the construction 
of the input/output control circuit of this embodiment. 
Shown in Fig. 30 are NOT circuits 51, 63, 64, D-FFs 
52 - 58, J-K FFs 59, 60, a NAND circuit 61, a four- bit 
counter 62, and selector circuits 65 - 67. The con- 
struction of portions not directly related to the descrip- 
tion of the foregoing operation are omitted. 

First, an SBD signal is sent as a horizontal > 
synchronizing signal from the signal processing cir- 
cuit 205' to the printer controller 100. The SBD signal 
is the result of delaying the BD signal from the printer 



engine 200 by a period of time corresponding to one 
period of the VCLK signal. Further, a signal 8CLK, 
whose frequency is eight times that of the VCLK sig- 
nal, is sent to the printer controller 100 as a clock sig- 
5 nal. After the BD signal has entered from the printer 
engine 200, the 8CLK signal is quiescent until the 
SBD signal is outputted. This is so that the transfer 
clock of the image data synchronized to the SBD sig- 
nal within the printer controller 100 may be obtained 
10 from the initial 8CLK by frequency division by eight af- 
ter the SBD signal has entered. In other words, the 
synchronizing timing of horizontal scanning can be 
produced by the input/output control circuit 1'. By 
similarly obtaining the VCLK signal also in the in- 
15 put/output control circuit 1', the image-data transfer 
clock and the VCLK signal within the printer controller 
100 become clock signals having the same phase. 
Accordingly, the transfer of image data can be carried 
out accurately without relying upon the same clock on 
20 the sending and receiving sides. 

A control signal (hereinafter referred to as a 
"DRCT signal") inputted to the signal processing cir- 
cuit 205 from the printer controller 100 will be des- 
cribed next. The DRCT signal is a signal which 
25 designates a state equivalent to one in which the sig- 
nal processing circuit 205 is not present. That is, when 
the DRCT signal is valid ("L"). the VIDEO signal from 
the printer controller 100 is outputted on the SVDO 
signal line as is, the BD signal from the printer engine 
30 200 is outputted on the SBD signal line as is, and the 
CLK signal from the oscillating circuit 206 is outputted 
on the 8CLK signal line as is. This mode is useful in 
the following case, by way of example: In response to 
the VIDEO signal, a data conversion is performed by 
35 the signal processing circuit 205 and the result is sent 
to the printer engine 200 as the SVDO signal. As a re- 
sult, in comparison with a case where the signal pro- 
cessing circuit 205' is absent, an image-data time 
delay of three lines in the subordinate scanning direc- 
40 tion and seven dots in the main scanning direction oc- 
curs owing to data reference. Accordingly, if printing 
is performed as is by the control system of the conven- 
tional printer engine 200 and printer controller 100. 
the image will be shifted three dots downward and 
45 seven dots rightward from the normal printing posi- 
tion. This problem can be solved if the value of T1 in 
Fig. 22 is shortened by three lines and the value of T2 
in Fig. 23 is shorted by seven dots on the side of the 
printer controller 100. However, in a case where the 
50 above-mentioned change cannot readily be made in 
the printer controller 100 and more importance is 
given to accuracy of the printing position than to 
smoothness of the image, it will suffice to make the 
DRCT signal valid ("L"). 
5 Other operations in the signal processing circuit 

205 are performed in the same manner as set forth in 
the third embodiment In Figs. 27 and 28, SVDO', 
SBD' and 8CLK' are signals that are independent of 
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the DRCT signal. 

In the fourth embodiment, as described above 
modifications on the side of the printer controller are 
fewer. Th.s makes it possible to reduce cost and to 
shorten development time. 

Described next will be a fifth embodiment of the 
present invention. 

Fig. 31 is a block diagram illustrating a fourth 
embodiment to which the image processing ap- 
paratus of the invention is applied. The circuit ar- 
rangement is almost the same as that of the first 
embodiment This embodiment differs from the first 
embodiment in that the printer engine 200 is provided 
with a printing density setting unit 201 set by the user 
Units having functions the same as those set forth 
above are not described again. 

In the fifth embodiment also, the image processor 
20 received VIDE0 1 1 sent from the bit-map develop- 
ing unit 10, seven main scanning lines are stored this 
is developed in window form into seven dots in the 
mam scanning direction, smoothing processing is 
executed and the results are sent to the printer engine 

Figs. 32 and 33 are block diagrams illustrating the 
construction of the image processor 20 according to 
the fifth embodiment. As shown in Figs. 32 and 33 the 
image processor 20 includes the static RAM 
(hereinafter referred to as an "SRAM") 21, the ad- 
dress counter 22, the control circuit 23. the three-state 
latch buffer 24. a logic circuit group 410, a parallel-se- 
rial converting circuit 42 and a frequency dividing cir- 
cuital 1 . A clock signal VCLK 12 corresponding to 300 
dpi from the bit-map development unit 10. a clock sig- 
nal SCLK 13 having the same phase as VCLK 12 and 
eight times the frequency, and VIDEO 11 
synchronized to VCLK 12 are sent to the image pro- 
cessor 20. The signal VIDEO 1 1 is connected to one 
input terminal (DO) of the three-state latch buffer 24 
The output Q0 (which corresponds to DO) of the three- 
Jfi e ' at ^ buffer 24 is de,iv e'ed to the input terminal 

?pamo, -r? 9iSter 29 and to a data P jn 1/01 of the 
SRAM 21. The address of the SRAM 21 is connected 
to 1 3 address lines from the address counter 22 The 
address length should be enough to store one line of 
300 dp, image data. A read signal 36 and write signal 
37 for the SRAM 21 . a latch signal 38 and output en- 
able signal 39 for the three-state latch buffer 24 and 
a clear signal 40 for the address counter 22 are pro- 

2f£ h V the ! 0ntro ' circuit23 - operation of which 
will be described later. 

In Figs. 32 and 33. the control circuit 23 produces 
a plurality of states during one period of VCLK 12 in 
accordance with SCLK 13. Accordingly, SCLK 13 has 
a frequency eight times that of VCLK 12. and theref- 
ore eight steps are capable of being executed durinq 
one period of VCLK 13. 9 

th. I h K Cir !. Uit,y ° f the tnree - sta * "atch buffer 24 in 
the fifth embodiment is the same as that in the first 



embodiment. The operation of the peripheral circuitry 
of the SRAM is the same as that in Fig. 5 of the first 
embodiment 

The processing performed is the same at that of 
s the first embodiment Data that has been outputted 
from the data pin D2 of SRAM 21 in one cycle of the 
image clock VLCK is written in at D3 of the same ad- 
dress. By sending the data sequentially, seven lines 
of image data are stored at all times and the image 
10 data is supplied to shift registers 29 through 35 

The shift registers 29 through 35 each have a bit 
length of seven bits and subject the seven lines of im- 
age data sent from the three-state latch buffer 24 to a 
senal-to-parallel conversion. The data is developed 
is seven dots at a time in the main scanning direction 
and an image composed of a total of 49 dots is sent 
to the logic circuit group 410. The logic circuits con- 
stituting the logic circuit group 410 apply the delivered 
49-b.t data to a 7 x 7-dot matrix, as shown in Fig. 6 de- 
20 scribed in connection with the first embodiment one 
of the plurality of logic circuits is selected by of the 
kind illustrated below, and. in accordance with selec- 
ted logic four dots a. b. c. d resulting from processing 
a pixel of interest D4 are decided. 
2* A method of selecting a logic circuit from among 

the group 410 of logic circuits will now be described 
Fig. 37 is a diagram for describing the inputs and 
outputs of the logic circuits in the fifth embodiment 

AsshowninFig.31.thepageprinter400hasa 
30 printing density setting unit 201 . such as a switch or 
volume control, so that the user may select a prefer- 
red printing density. A logic selecting signal 202 (a 
Nvo-bit signal) for smoothing outputted by the printing 
density setting unit 201 is sent to a smoothing unit 18 
35 so that the smoothing logic can be selected depend- 
ing upon the printing density. 

Fig. 34 is a block diagram showing an example of 
the construction of the printing density setting unit 201 
40 ^Sfw T° fifth embodime "t. In Fig. 34. numeral 
40 203 denotes a volume control, and numeral 204 de- 
notes an A/D converter. ' ~ ' 

When the volume 203 is turned, the voltage pro- 
duced thereby is varied. The voltage signal is sent to 
a CPU (not shown) for engine control. This CPU 
45 changes the image developing bias, etc.. based upon 
he inputted voltage signal. As a result, it is possible 
to change the printing density. 

Thus, if only printing density is to be controlled, it 
w, I suffice to control the developing bias in conformity 
50 with the voltage level varied by the volume control 
203. However, it has been clarified that if the ap- 
paratus of the first embodiment having one circuit for 
performing smoothing processing is additionally pro- 
v.ded with a function for changing printing density by 
55 changing only the developing bias; a problem arises 
The problem is that if the printing density is set too 
low. the smoothing effect is difficult to verify Con- 
versely. ,f the printing density is set too high, the por- 
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tions subjected to smoothing processing are 
emphasized too strongly and the lines of printed 
characters of the like become too thick. 

Accordingly, in the fifth embodiment, the A/D con- 
verter 204, which converts the voltage value set by the 5 
volume control 203 into digital data, is provided in or- 
der that optimum smoothing processing may be exec- 
uted in conformity with the set printing density. The 
A/D converter 204 converts the voltage value 
obtained from the volume control 203 into four-bit di- 10 
gital data. The two higher order bits of the four bits re- 
sulting from the conversion are outputted to the 
smoothing unit 18. 

The logic selecting signal 202 outputted by the 
A/D converter 204 is a signal of the kind shown in Fiq 15 
37. y ' 

Fig. 35 is a block diagram illustrating the con- 
struction of the logic circuit group 410 according to the 
fifth embodiment. Numerals 205 through 208 denote 
logic circuits, and numeral 209 denotes a selector. 20 

As shown in Figs. 32 and 33, the logic selecting 
signal 202 enters the logic circuit group 410 in the 
smoothing unit 18. As shown in Fig. 35, the logic cir- 
cuit group 410 comprises the aforementioned four 
logic circuits 205 through 208 and the selector 209. 25 
The 49-bit signals from the shift registers 29 - 35, 
namely the items of dot information consisting of 
seven dots in the main scanning direction and seven 
lines in the subordinate scanning direction, inclusive 
of the pixel of interest D4, are supplied to respective 30 
ones of the logic circuits 205 - 208. The circuits 205 
- 208 are logic for deciding different print areas of the 
pixel of interest. These circuits output, as four-bit sig- 
nals, printing information of first through fourth sub- 
divisions obtained when the pixel of interest is split 35 
into four parts. The selector 209 selects one set of the 
four sets of signals outputted by the four logic circuits, 
and the selected set is transmitted to the parallel/se- 
rial converting circuit, which is the next stage. In this 
embodiment, the logic circuit 205, for example, per- 40 
forms smoothing processing suited to a case where 
the printing density is high, and the logic circuits 206, 
207, 208 perform smoothing processing suited to suc- 
cessively lower printing densities. If information for 
setting a high density from the logic selecting signal 45 
202 has entered the control terminal of the selector 
209, the output of the logic circuit 205 is selected. If 
information for setting a low density from the logic 
selecting signal 202 has entered the control terminal 
of the selector 209, the output of the logic circuit 208 so 
is selected. 

The four-bit signal (a, b, c. d) outputted from the 
selected logic circuit enters the parallel/serial convert- 
ing circuit 42 shown in Fig. 33, which delivers an out- 
put as VDO 15 in synchronization with BCLK, which 55 
has a frequency four times that of VCLK 1 2. The print- 
er performs printing by turning the laser beam on and 
off based upon VDO 15. 



Fig. 36 is a diagram showing the irradiating state 
of the laser based upon each of the logic circuits of the 
fifth embodiment. Since the logic circuit 205 is logic for 
the case where high-density printing is earned out, the 
area of laser irradiation of auxiliary dots for smoothing 
is reduced to widen the spacing between dots, as 
shown in (1) of Fig. 36. Since the logic circuit 208 is 
logic for preforming low-density printing, the area of 
laser irradiation of auxiliary dots for smoothing is en- 
larged to reduce the spacing between dots, as shown 
in (4) of Fig. 36. By thus changing over smoothing pro- 
cessing depending upon the printing density, the 
same smoothing effect can be obtained for all den- 
sities. 

In order to change the essential irradiation area 
of the laser beam in conformity with the rise and fall 
in the set density, it will suffice to derive, by proces- 
sing which differs for each logic circuit, which of the 
partial pixels should be turned on among the partial 
pixels a, b, c, d obtained by splitting the pixel of inter- 
est into four parts. It should be noted that selecting a 
logic circuit for a higher density tends to result in a 
higher number of partial pixels being turned on. 

In the fifth embodiment, the logic circuits 205 - 
208 execute the logical expressions (A) - (D). re- 
spectively, shown in Fig. 38. In actuality, this is 
achieved by combining logic gates for realizing the 
logical operation shown in the same drawing. 

Thus, in accordance with the fifth embodiment, as 
described above, the printing area of a pixel of interest 
split into four parts in the main scanning direction is 
decided. In addition, by raising the printing density in 
the main scanning direction, the jagged contour of a 
printed character can be smoothed. Moreover, these 
effects can be obtained even if the printing density is 
changed. 

A sixth embodiment of the invention will now be 
described. 

Figs. 39 and 40 are block diagram illustrating an 
example of an image processing according to the 
sixth embodiment. Circuits in Figs. 39 and 40 whose 
construction and function are the same as those 
shown in Figs. 32 and 33 are designated by like refer- 
ence characters and need not be described again. 

In the fifth embodiment described above, a logic 
circuit in the logic circuit group 410 is selected in ac- 
cordance with the logic selecting signal 202 accepted 
from the printing density setting unit 201 . In the sixth 
embodiment, only one type of logic circuit 41' is used. 
Furthermore, in order to select printing density, there 
is provided a pulse-width varying circuit 213 which 
varies pulse width based upon a printing density set- 
ting signal 202' from the printing density setting unit 

Thus, there is only one type of logic circuit 41', 
and the pulse width of the signal converted into serial 
data by the parallel/serial converting circuit 42 is 
changed by the pulse-width varying circuit 213. The 
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amount of pulse width varied is decided by the two-bit 
printing density setting signal 202' outputted from the 
pnnting density setting unit 201 . The signal 202' is the 
same as the logic selecting signal 202 from the print- 
ing density setting unit 201 described in the fifth 5 
embodiment Since the meaning of the signal is 
changed by shifting the destination of transmission to 
the pulse-width varying circuit 213, this signal is de- 
signated the printing density setting signal 202'. 

Fig. 41 is a block diagram showing an example of ,o 
the construction of the pulse-width varying circuit 213 
according to the sixth embodiment. In Fig. 41, numer- 
al 214 denotes a selector for selecting printing den- 
sity. D1 - D6 represent delay lines. The selector 214 
selects one signal based upon selection control sig- , 5 
nals A and B inputted to the selector. The selected sig- 
nal is delivered from an output terminal Y. The output 
passes through an OR gate OR1 as signal VDO Fig 
42 illustrates the relationship between the output VDO 
and the density setting represented by the control sig- 20 
nals A. B of the selector 214, namely the two-bit print- 
ing density setting setting signal 202' sent from the 
printing density setting unit 201. As in Fig. 10, when 
density has been set to its lowest value, the level is 
taken as being 1 , and the level rises as density is set 25 
higher. As will be appreciated from the drawings, the 
higher the printing density is set. the smaller the pulse 
width of the outputted VDO signal. Accordingly it is 
possible to execute processing similar to that of the 
fifth embodiment 

1 30 

In accordance with the sixth embodiment, as de- 
scribed above, high-quality printing can be performed 
without a decline in the smoothing function even 
though the logic circuit is of one type and the density 
of the printer is changed. 

In the description of the sixth embodiment the 35 
logic circuit is of one type. However, a combined-type 
arrangement having the pulse-width varying circuit of 
this embodiment can be adopted by using a plurality 
of logic circuits. 

In the fifth and sixth embodiments set forth above 
a laser-beam printed is taken as an example. How- 
ever, the invention is not limited to a laser-beam print- 
er for it is permissible to employ a dot-impact printer 
a thermosensitive printer, an ink-jet printer, a static- 45 
electnc recording-type printer or a thermal-transfer 
pnnter. etc. 

In accordance with the fifth and sixth embodi- 
ments, as described above, the printing area of pixels 
of interest split into four parts in the main scanning di- 50 
rechon are decided and printed depending upon the 
state of the pixel of interest, and printing density is 
raised in the main scanning direction, thereby smoo- 
thing the jaggedness of the contour of a printed 
character. 

Furthermore, a plurality of methods of deciding " 
the pnnting area of the pixels of interest are provided 
and one of these methods is selected by a printing 
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density level designated by the user. As a result an 
excellent smoothing effect is obtained irrespective of 
the density level. 

A seventh embodiment of the invention will now 
be described in detail. 

Fig. 43 is a block diagram showing a seventh 
embodiment of the invention. The circuit of Fig 43 is 
a data converting circuit situated between the printer 
controller 100 and the printer engine 200. In this 
embod.ment the data converting circuit is illustrated 
as being part of the printer engine 200. (Of course it 
-s possible for the data converting circuit to be con- 
structed as part of the printer controller.) 

Further, the data conversion illustrated is for a 
case where the printer controller 100 delivers a 300 
dpi image signal and the printer engine 200 is a 600 
dp. printer engine. As is well known, the printer engine 
200 is equipped with a laser driver which modulates 
he laser beam based upon an inputted image signal 
(dot information), a scanner for scanning the laser 
beam, a photosensitive drum and a conveyance sys- 
tem for recording paper. 

The printer controller 1 00 sends a 300 dpi image 
s.gnal VDO and the image clock VCLK to the printer 
engine 200 in dependence upon a horizontal 
synchronizing signal HSYNC outputted by a 
synchronizing signal generating circuit 104 The 
synchronizing signal generating circuit 104 delivers 
the honzontal synchronizing signal based upon the 
well-known signal BD. which is the synchronizing sig- 
nal in the main scanning direction. 

The data converting circuit of this embodiment 
within the printer engine 200 forms a laser drive signal 
LD for 600 dpi from the 300 dpi image signal VDO and 
-mage clock VCLK, and causes printing to take place 
at 600 dpi by the aforementioned laser driver, scan- 
ner, photosensitive drum, etc. 

The data converting circuit of this embodiment 
will be described in further detail with reference to Fig. 

Shown in Fig. 43 are a frequency multiplier circuit 
101 which multiplies the frequency of the image clock 
VCLK to obtain a clock VCLK' having twice the fre- 
quency, a demultiplexer 102 having a function for sup- 
plying the image signal VDO to line memories 106 
1 07 1 08 in an alternative manner, a device control cir- 
cuit 103. horizontal synchronizing signal generating 
circurt 1 04 for counting the beam detection signal (BD 
s-gna ) and outputting one horizontal synchronizing 
signal HSYNC for every two inputted BD signals, and 
an oscillating circuit 105 for generating a clock LCLK 
whose frequency is four times that of the image clock 

Numerals 111 through 113 denote changeover 
circuits each of which is for selecting the clock VCLK' 
or LCLK in an alternative manner and supplying the 
selected clock to the respective line memories 106 
through 1 08 as write clocks or read clocks. 
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The image signal VDO is written in one of the line 
memories 106 through 108 at the clock VCLK' by the 
demultiplexer 2, the changeover circuits 111, 112, 
113, and the device control circuit 103 which controls 
these changeover circuits line by line based upon the 5 
BD signal. At the same time, image signals are read 
out of the other two line memories based upon the 
clock LCLK. This operation is performed sequentially. 
When data is written in the line memory 106, the line 
memories 107 and 108 undergo reading operations. 10 
Then, at the next timing, the line memory 107 undergo 
a writing operation and the line memories 108, 106 
undergo a reading scan. At the next timing, the line 
memory 108 undergoes a writing operation, and the 
line memories 106, 107 undergo a reading operation. 15 
Such control is repeated. 

The line memories 106 through 108 each have a 
memory capacity which is double the 300 dpi data in 
the main scanning direction. That is, each has a data 
memory capacity in the main scanning direction of 20 
600 dpi. The image signals read out of the line 
memories 106 through 108 are designated D1, D2, 
D3, respectively. 

Numerals 114 and 115 denote data selectors 
each of which selects two signals, which are undergo- 25 
mg a reading operation, from the signals D1, D2, D3 
obtained from the respective line memories 106, 107, 
108. For example, when the line memory 106 is 
undergoing writing and the line memories 107, 108 
are undergoing reading, the data selector 1 14 selects 30 
the read data D2 from line memory 107 and outputs 
a DS1 signal, and the data selector 115 selects the 
read data D3 from line memory 108 and outputs a DS2 
signal. In any case, of the two items of data undergo- 
ing a reading operation, the data selector 1 14 selects 35 
the data received earlier in time and the data selector 
115 selects the data received later in time. 

A comparison circuit 110 receives the DS1, DS2 
signals as inputs, compares the data and delivers an 
output signal Q in accordance with the result of the 40 
comparison. The line memory 109 stores the output 
signal Q, and the memory capacity thereof is the same 
as the memory capacities of the line memories 106 
through 1 08. The clock for writing and reading the line 
memory 109 is LCLK. ~ 45 

Control for writing and reading the line memories 
106-108 and the line memory 109, as well as control 
of the selecting operation of the data selectors 114, 
1 15, is executed by the device control circuit 103. 

A data selector 116 selects a signal from among so 
the signals D1, D2, D3 read out of the line memories 
106, 107, 108, respectively, and the signal D4 read 
out of the line memory 109, and outputs the selected 
signal as the laser drive signal LD. Control for this 
selection is carried out by the device control circuit 55 
1 03. 

The operations set forth above are illustrated as 
a timing chart in Fig. 44. In the figure, mark "LM" de- 



notes line memory. 

The details of the comparison circuit 1 10 in Fig. 
43 are shown in Fig. 45. In Fig. 45, the input signals 
DS1 and DS2 are inputted to seven-bit registers 117 
and 118, respectively. Shift outputs A. B. C, D. E. F, 
G of the shift register 1 1 7 and shift outputs a. b, c, d, 
e, f. g of the shift register 1 1 8 enter a logic circuit 1 1 9. 

The details of the logic circuit 119 are illustrated 
in Fig. 46. Numeral 147 denotes an SRAM memory. 
120 a CPU, and 121 a changeover circuit for perform- 
ing a changeover to select, as the address signals of 
the SRAM memory 147, either a data group made up 
of the 14 shift outputs A - G, a - g of the foregoing 
shift registers or a data group made up of 14 outputs 
OAo - OA 13 from the CPU 120. The changeover cir- 
cuit 1 21 is controlled by a control signal SL1 outputted 
by the CPU 120. Numeral 125 denotes a changeover 
circuit for changing over between an operation in 
which output data OD 0 from the CPU 120 is written in 
as data D 0 of the SRAM memory 147, and an oper- 
ation in which the data DO of the SRAM memory 147 
is outputted as Q. The changeover circuit 125 is con- 
trolled by a control signal SL2 outputted by the CPU 
120. The SRAM memory 147 is placed selectively in 
either a read state or a write state by a control signal 
R/W outputted by the CPU 120. Numeral 124 denotes 
a communication line which transmits data to the CPU 
120 from an external device (not shown) by serial 
communication. Accordingly, the arrangement is such 
that the contents of the SRAM memory 147 can be 
changed by the data sent from the external device via 
the communication line 124. It should be noted that 
the SRAM 147 is used as a so-called look-up table. 

Described next will be an operation for download- 
ing logic (an algorithm) for smoothing processing in 
the logic circuit 119 having the construction set forth 
above. 

As mentioned above, the prescribed algorithm 
data is transmitted from the external device to the 
CPU 120 via the communication line 124. Upon re- 
ceiving the algorithm data, the CPU 120 controls the 
signal SL1 applied to the changeover circuit 121 to 
place this circuit in the state for selecting and output- 
ting the data group OAo - OA 13 . The CPU 120 con- 
trols also the signal SL2 applied to the changeover 
circuit 125 to select and output OD 0 . The RAW signal 
applied to the SRAM 147 is set to W (write) to estab- 
lish the write mode in which writing is performed 
based upon the address data from the changeover cir- 
cuit 121. 

Thereafter, the data (algorithm data) transmitted 
from the external device is received, the received data 
is outputted from the terminal OD 0 , and corresponding 
addresses are sequentially generated, whereby the 
received data is written in the SRAM 147. When the 
writing of the data ends, the CPU 120 controls SL1 
and SL2 to set the changeover circuit 121 so as to 
select and output A - G and a - g and the 
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changeover circuit 125 to select and output Q. Furth- 
er, the CPU 120 sets the R/W signal, which is applied 
to the SRAM 147, to the R (read) side. 

Thereafter, when the image signal VDO from the 
printer controller 100 is transmitted in synchronization s 
with the image clock VCLK, smoothing processing is 
executed based upon the algorithm that has been 
stored in the SRAM memory 147. 

The logic (algorithm) downloaded in the SRAM 
memory 147 by the foregoing operation will now be 10 
described. 

Figs. 47, 48 and 49 are diagrams for describing a 
first algorithm. This algorithm is processed by the 
logic Q = D (where Q is the pixel of interest) with res- 
pect to the shift outputs A - G, a - g, as shown in Fig. 
47. In this case, the data D 0 at all addresses for which 
the address A3 of the SRAM memory 147 can be M r 
is written as "1" in the SRAM memory 147, and "0" is 
written in at all of the other addresses, as shown in 
Fig. 48. 

The first algorithm executes processing in which 
data is simply doubled in both the main and subordi- 
nate scanning directions and outputted. Though pro- 
cessing has no smoothing effect upon characters, it 
does not result in a change in the density of a dither 
image. Accordingly, it is useful for images which con- 
tain dither images. Fig. 49 illustrates the result of pro- 
cessing based upon the pattern shown in Fig. 16. 

Figs. 50, 51 and 52 are diagrams for describing a 
second algorithm, which will now be described in sim- 
ple terms. 

In a case where all seven pixels of the next line 
of the pixel of interest Q are "1" and at least one of the 
pixels at both ends of the seven pixels in the preced- 
ing line is "1*. the pixel of interest Q is made "1". 

In a case where the referential pixels are reduced 
all five pixels of the next line of the pixel of interest Q 
are "1 ■ and at least one of the pixels which are the sec- 
ond pixels from both ends of the seven pixels in the 
preceding line is "1", the pixel of interest Q is made 

In a case where the referential pixels are reduced 
all three pixels of the next line of the pixel of interest 
Q are "1" and at least one of the pixels which are the 
third pixels from both ends of the seven pixels in the 45 
preceding line is »r, the pixel of interest Q is made 

In a case where pixels of lines before and after the 
pixel of interest Q at the same position in the main 
scanning direction are "1", the pixel of interest Q is so 
made "1". 

This algorithm is processed by the logic 
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Q = (A+G) *a*b*c»d*e* f *g 
+ (B + F) *b*c*d+e*f 
- (C+E) *c*d*e+D*d 

(where Q is the pixel of interest) with respect to the 
shift outputs A - G, a - g, as shown in Fig. 50. In this 
case, the data DO solely of the addresses shown in 
Fig. 51 is written as "1", and the data D 0 correspond- 
ing to all other addresses writes in M 0" in the SRAM 
memory 147. Fig. 52 illustrates the result of proces- 
sing in a case where this processing is executed. 

Figs. 53, 54 and 55 are diagrams for describing a 
third algorithm. 

This algorithm is processed by the logic 

Q = (B+F) *b*c*d*e*f 
+ (b+f ) *B*C*D*E*F 

+ (C+E)*c*d*e 

+ (C+e) *C*D*E+D*d 
+ A*B*C*D*E*F*G 
+ a*b*c*d*e*f*g 
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(where Q is the pixel of interest) with respect to the 
shift outputs A - G, a - g, as shown in Fig. 50. In this 
case, the data DO solely of the addresses shown in 
Fig. 54 is written as "1", and the data D 0 correspond- 
ing to all other addresses writes in "0" in the SRAM 
memory 147. Fig. 55 illustrates the result of proces- 
sing in a case where this processing is executed. 

The result of processing in Fig. 52 and the result 
of processing in Fig. 55 have different smoothing ef- 
fects and the characters appear differently. In this 
case, which is better cannot be decided uncon- 
ditionally owing to individual taste. Though a smoo- 
thing effect is produced with regard to characters by 
the processing of both types, processing for increas- 
ing pnnting area is executed by one type of smoothing 
processing, and therefore image density becomes 
somewhat too high in case of dither images. Accord- 
ingly, these types of processing are suited to images 
composed mainly of characters or figures. 

Accordingly, with regard to the algorithm data 
downloaded from the external device, it will suffice to 
download the optimum algorithm (e.g:, the first, sec- 
ond or third algorithm) in dependence upon the con- 
tent of the image to be printed. As one method, the 
operator may designate, at the external device, the 
algorithm according to which printing is to be perfor- 
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med. The data indicative of the designation would 
then be sent to the CPU 124 of the image processing 
apparatus. 

An eighth embodiment of the invention will now 
be described. 

In the description given above, only one algorithm 
is downloaded in the logic circuit at one time. How- 
ever, downloading is not limited to this example, for an 
arrangement may be adopted in which a large number 
of algorithms are capable of being downloaded sim- 
ultaneously. An eighth embodiment so constructed 
that three (of a maximum of eight) algorithms can be 
downloaded simultaneously will now be described 
with reference to Figs. 56 and 57. 

In the eighth embodiment, the basic construction 
is approximately the same as that of the seventh 
embodiment, and the logic circuit depicted in Fig. 46 
of the seventh embodiment has the construction illus- 
trated in Fig. 56. Portions in Fig. 56 similar to those of 
the seventh embodiment shown in Fig. 46 are desig- : 
nated by like reference characters and need not be 
described in detail again. 

In Fig. 56, numeral 122 denotes a changeover cir- 
cuit controlled by the control signal SL2 outputted by 
the CPU 120. The changeover circuit performs a 2 
changeover to either deliver an output data group OD 0 
- OD 7 from the CPU 120 to the SRAM memory 147 
or a read data group Qo - Q 7 from the SRAM memory 
147 to a signal selecting circuit 123. In accordance 
with a changeover signal 126 from selecting means 3 
such as a changeover switch, the signal selecting cir- 
cuit 123 selects, in alternative fashion, one item of 
data from the data group Qo - Q 7 obtained from the 
changeover circuit 122. The origin of the changeover 
signal 126 can be a physical switch or a logic switch 31 
(application software operated within a host com- 
puter). 

The operation of the eighth embodiment having 
the foregoing construction will now be described. 

In the eighth embodiment, the prescribed 4c 
algorithm data is transmitted from the external device 
to the CPU 120 via the communication line 124. The 
CPU 120 outputs the signal SL1 which controls the 
changeover circuit 1 21 in such a manner that the data 
group OAq - OA 13 from the CPU 120 is selected and 45 
outputted to the SRAM 147, and outputs the signal 
SL2 which controls the changeover circuit 122 in such 
a manner that the data group OD 0 - OD 7 from the 
CPU 120 is selected and outputted to the SRAM 147. 

In a case where the algorithm data actually re- so 
ceived registered in the SRAM 147 anew, the oper- 
ation performed is as follows: 

By way of example, if the data newly downloaded 
from the external device is written in bit D4 (= bit 4) of 
the SRAM 147, first the address at which writing is to 55 
be performed is generated and a read signal is output- 
ted to the SRAM 147. Since eight bits of a correspond- 
ing address are obtained as a result, the state of the 
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bit to be written in from this point is set at the position 
of bit 4 in the eight bits. This eight-bit data is outputted, 
address data the same as the address at the time of 
readout is outputted, and the write signal is outputted. 
Thereafter, the address data is incremented to prep- 
are for the next writing operation. The foregoing pro- 
cessing is continued until the writing of all of the 
downloaded algorithm data is completed. The reason 
for reading out the eight-bit data before the writing 
10 operation is performed is so that algorithm data 
already registered will not be described. 

The bit position at which writing is to be performed 
may be designated by the user at a control panel, or 
the external device may send a command which de- 
15 signates the bit position at which writing is to be per- 
formed. In the former case, unintentional erasure of 
data will no longer occur if it is so arranged that it is 
possible to judge which bits of the SRAM 147 are un- 
used. 

?o Thereafter, when further data (algorithm data) is 

received from the external device, this data is sequen- 
tially written in the SRAM memory 147 at the pres- 
cribed address. When the writing of the data ends, the 
CPU 120 controls SLT and SL2 to set the changeover 
5 circuit 121 so as to select and output A - G and a - 
g and the changeover circuit 122 to select and output 
Q 0 - Q 7 . Further, the CPU 120 sets the R/W signal, 
which is applied to the SRAM 147, to the R (read) side! 
The signal selecting circuit 123 selects one of the sig- 
0 nals Q 0 - Q 7 . 

Thereafter, when the image signal VDO from the 
printer controller 100 is transmitted together with the 
image clock VCLK, smoothing processing is executed 
based upon the algorithm that has been stored in the 
5 SRAM memory 147. 

In the eighth embodiment shown in Fig. 56, the 
first, second and third algorithms of the seventh 
embodiment are stored in the SRAM 147 as data DO, 
D1, D2. The relationship between the addresses and 
> data in this case is illustrated in Fig. 57. 

Thus, in accordance with the eighth embodiment, 
three (a maximum of eight) algorithms can be 
downloaded simultaneously, and any one of these 
algorithms can be selected promptly. 

It should be noted that the present invention may 
be applied to a system constituted by a plurality of ap- 
paratus or to a single apparatus. Further, it goes with- 
out saying that the invention is applicable also to a 
case where a program for implementing the invention 
is supplied to a system or apparatus. 

In accordance with the seventh or eighth embo- 
diment described above, image processing in accord- 
ance with any interpolation algorithm information 
outputted by an external device is possible. As a re- 
sult, it is possible to download any smoothing 
algorithm in conformity with the content of an image 
to be outputted, or in conformity with individual prefer- 
ence. This makes it possible to produce a high-quality 
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output image. 

Though the foregoing embodiments are based 
upon an example in which the invention is applied to 
the interior of a printer, the apparatus of the invention 
can be situated between a host computer and a print- 
er. 

Though use of a laser-beam printer is described 
in the first through eighth embodiments, the invention 
is not limited to such a printer. The invention is applic- 
able to a dot-impact printer, a thermosensitive printer, 
an ink-jet printer, a static-electric recording-type print- 
er or a thermal-transfer printer, etc. 

As many apparently widely different embodi- 
ments of the present invention can be made without 
departing from the spirit and scope thereof, it is to be 
understood that the invention is not limited to the 
specific embodiments thereof except as defined in the 
appended claims. 



Claims 



1. 



An image processing apparatus for generating an 
output image based upon inputted print data and 
delivering the output image to a prescribed re- 
cording device, comprising: 

density setting means for setting recording 
density; 

input means for inputting print data inten- 
ded to be printed at a first resolution; 

resolution converting means for generat- 
ing image data having a second resolution by 
splitting each pixel in image data, which is based 
upon the print data inputted by said input means, 
into a plurality of partial pixels and then applying 
a correction; and 

output means for outputting the image 
data converted by said resolution converting 
means to the prescribed recording device; 

said resolution converting means includ- 
ing: 

a plurality of arithmetic means for 
computing the state of each individual partial pixel 
at the second resolution, wherein computations 
performed by individual arithmetic means differ 
from one another and 

selecting means for selecting one 
of said plurality of arithmetic means in depen- 
dence upon the density set by said density setting 
means. 

The apparatus according to claim 1, wherein 
when said plurality of arithmetic means are such 
that when the state of each partial pixel of the sec- 
ond resolution corresponding to a pixel of interest 
is computed, the contents of processing of the 
states of a group of pixels at the first resolution in 
the vicinity of the pixel of interest are different. 
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8. 



3. The apparatus according to claim 1 , wherein said 
plurality of arithmetic means are such that the 
higher the density set by said density setting 
means, the lower the probability that the individu- 
al partial pixels generated will be black. 

4. The apparatus according to claim 1 , wherein said 
prescribed recording device is a laser-beam print- 
er, and said plurality of arithmetic means are such 
that the higher the density set by said density set- 
ting means, the shorter the ON time of laser emis- 
sion for the individual partial pixels. 

5. An image processing apparatus for generating an 
output image based upon inputting print data and 
printing the output image on a prescribed record- 
ing medium, comprising: 

density setting means for setting recording 
density; 

input means for inputting print data inten- 
ded to be printed at a first resolution; 

resolution converting means for generat- 
ing image data having a second resolution by 
splitting each pixel in image data, which is based 
upon the print data inputted by said input means, 
into a plurality of partial pixels and then applying 
a correction; and 

printing means for printing the image data 
converted by said resolution converting means; 

said resolution converting means includ- 
ing: 

a plurality of arithmetic means for 
computing the state of each individual partial pixel 
at the second resolution, wherein computations 
performed by individual arithmetic means differ 
from one another; and 

selecting means for selecting one 
of said plurality of arithmetic means in depen- 
dence upon the density set by said density setting 
means. 

The apparatus according to claim 5. wherein 
when said plurality of arithmetic means are such 
that when the state of each partial pixel of the sec- 
ond resolution corresponding to a pixel of interest 
is computed, the contents of processing of the 
states of a group of pixels at the first resolution in 
the vicinity of the pixel of interest are different 

The apparatus according to claim 5, wherein said 
plurality of arithmetic means are such that the 
higher the density set by said density setting 
means, the lower the probability that the individu- 
al partial pixels generated will be black. 

The apparatus according to daim 5, wherein said 
prescribed recording device is a laser-beam print- 
er, and said plurality of arithmetic means are such 
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that the higher the density set by said density set- 
ting means, the shorter the ON time of laser emis- 
sion for the individual partial pixels. 

9. An image processing apparatus comprising: 5 
density setting means for setting recording 
density; 

generating means for generating a 
synchronizing clock signal in a main scanning di- 
rection; 70 

input means for inputting image data, 
which has a first printing density, in synchroni- 
zation with the synchronizing clock signal gener- 
ated by said generating means; 

memory means for storing a plurality of 15 
lines of the image data, inputted by said input 
means, in main-scanning units; 

referring means for referring to the state of 
a pixel of interest and the states of pixels . 
peripheral to the pixel of interest based upon the 20 
image data stored in said memory means; 

a plurality of converting means for convert- 
ing image data which corresponds to the pixel of 
interest to a second printing density higher than 
the first printing density based upon the results of 25 
reference performed by said referring means; 

selecting means for selecting one item of 
image data, from among the image data conver- 
ted by said plurality of converting means, based 
upon the density set by said density setting 30 
means; and 

output means for outputting the image 
data of the second printing density outputted by 
said selecting means. 

35 

10. The apparatus according to claim 9, wherein said 
output means includes pulse-width control means 
for controlling pulse widths of individual pixels, 
which constitute the image data of the second 
printing density selected by said selecting means, 40 
based upon the density set by said density setting 
means. 

11. An image processing apparatus comprising: 

density setting means for setting recording 45 
density; 

generating means for generating a 
synchronizing clock signal in a main scanning di- 
rection; 

input means for inputting image data, 50 
which has a first printing density, in synchroni- 
zation with the synchronizing clock signal gener- 
ated by said generating means; 

memory means for storing a plurality of 
lines of the image data, inputted by said input 55 
means, in main-scanning units; 

referring means for referring to the state of 
a pixel of interest and the states of pixels 



peripheral to the pixel of interest based upon the 
image data stored in said memory means; 

converting means for converting image 
data which corresponds to the pixel of interest to 
a second printing density higher than the first 
printing density based upon the results of refer- 
ence performed by said referring means; 

pulse-width control means for controlling 
pulse width of each pixel, which is contained in 
the image data converted by said converting 
means, based upon the density set by said den- 
sity setting means; and 

output means for outputting the image 
data controlled by said pulse-width control 
means. 

12. The apparatus according to claim 11, wherein 
said output means is a laser-beam printer which 
records the image by turning laser-beam irradia- 
tion on and off based upon a pulse-width signal 
controlled by said pulse-width control means. 

1 3. An image processing apparatus for generating an 
output image based upon inputted print data and 
delivering the output image to a prescribed re- 
cording device, comprising: 

input means for inputting image data; 

memory means for storing a plurality of 
pixels located within a predetermined area of the 
image data inputted by said input means; 

output-pixel generating means for 
generating an output pixel upon processing 
status information indicative of said plurality of 
pixels stored in said memory means; 

output means for delivering the output 
pixel generated by said output-pixel generating 
means to the prescribed recording device; 

second input means for externally input- 
ting data of an algorithm of said processing; and 

control means for performing control in ac- 
cordance with the processing algorithm data, in- 
putted by said second input means, in such a 
manner that said output-pixel generating means 
generates an output pixel. 

14. The apparatus according to claim 13, further com- 
prising second memory means for storing a 
plurality of items of processing algorithm data in- 
putted by said second input means; 

said control means including selecting 
means for selecting one of the plurality of items of 
processing algorithm data stored in said second 
memory means, said control means performing 
control in such a manner that said output-pixel 
generating means generates an output pixel in 
accordance with the processing algorithm data 
selected by said selecting means. 
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1 5. An .mage processing apparatus for generating an 
output image based upon inputted print data and 
delivering the output image to a prescribed re- 
cording device, comprising: 

input means for inputting image data hav- s 
ing a first resolution; 

memory means for storing a plurality of 
pixels located within a predetermined area of the 
image data inputted by said input means; 

interpolating means for interpolating im- w 
age data having a second resolution higher than 
the first resolution by inserting a new pixel be- 
tween pixels stored in said memory means; 

output means for outputting the image 
data having the second resolution, in which pixels 15 
interpolated by said interpolating means have 
been added to the pixel data inputted by said in- 
put means; 

second input means for externally input- 
ting algorithm data indicative of interpolation per- 20 
formed by said interpolating means; and 

output means for performing control in ac- 
cordance with the interpolation algorithm data, in- 
putted by said second input means, in such a 
manner that said interpolating means generates 25 
interpolated pixel data. 

16. The apparatus according to claim 15, further com- 
prising second memory means for storing a 
plurality of items of interpolation algorithm data in- 30 
putted by said second input means; 

said control means including selecting 
means for selecting one of the plurality of items of 
interpolation algorithm data stored in said second 
memory means, said control means performing 35 
control in such a manner that said interpolating 
means generates interpolated pixel data in ac- 
cordance with the interpolation algorithm data 
selected by said selecting means. 

17. An image processing apparatus comprising: 

interpolation algorithm data storing means 
for storing interpolation algorithm data inputted 
from an external device; 

image-information storing means for stor- 45 
ing inputted image information; and 

output-image generating means for 
generating output image information, which is 
based upon the interpolation algorithm infor- 
mation stored in said interpolation algorithm data so 
storing means, with respect to the image infor- 
mation stored in said image-information storinq 
means; 

whereby it is possible to execute image in- 
terpolation processing in accordance with any in- 55 
terpolation algorithm inputted by said external 
device. 



18. The apparatus according to claim 17, wherein 
said interpolation algorithm data storing means 
has a capacity for storing a plurality of items of in- 
terpolation algorithm data, said apparatus further 
comprising selecting means for selecting one 
item of interpolation algorithm data, for interpo- 
lation processing by said output image generat- 
ing means, from the plurality of items of 
interpolation algorithm data stored in said interpo- 
lation algorithm data storing means. 

19. A method or apparatus for processing image data 
in the form of a plurality of picture elements 
(pixels) characterised in that each pixel is divided 
into a plurality of partial pixels and the value attri- 
buted to each of said partial pixels is dependent 
upon surrounding values. 

20. A method or apparatus according to claim 19, 
wherein each pixel is divided into four partial 
pixels. 

21. A method or apparatus according to claim 19 or 
claim 20, wherein the value attributed to each par- 
tial pixel is derived from its original divided pixel 
in addition to the surrounding values. 

22. A method or apparatus according to any of the 
claims 19 to 21. wherein the surrounding values, 
on which the values of partial pixels are depen- 
dent, are the values of surrounding pixels. 

23. A method or apparatus according to any of claims 
19 to 21, wherein the surrounding values, on 
which the values of partial pixels are dependent, 
are the values of surrounding partial pixels. 
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(A) OPERATION BYLOGIC CIRCUIT 205 

a=A4*B4*C4*D4*E4*F4*G4*C5*D5*E5*F5*G5 

+A4*B4*C4*D4*E4-*F4*C4*A5*BS*C5*D5*E5*F5*C5 
b= NONE 

c= NONE 

d=A4*B4*C4*D4*E4*F4*G4*B5*C5*D5*E5*F5*G5 

(B) OPERATION BY_LOGIC CIRCUIT 206 

a=A4*B4*C4*D4*E4*F4*G4*C5*D5*E5*F5*G5 

.^4^^*D4*E4*F4*G4*A5*B5*C5*D5*E5*F5*G5 

b-A4*B4*C4*D4*E4*F4*G4*B5*C5*D5*E5*F5*G5 
c=NONE 

d=A4*B4*C4*D4*E4*F4*G4*B5*C5*D5*E5*F5*G5 

(O OPERATION JJ^LOGIC CIRCUIT 207 

a=A4^B4*C4*D4*E4*F4*G4*C5*D5*E5*F5*G5 
M4*B4*C4*D4*E4*F4*G4*B5*C5*D5*E5*F5*G5 

b=A4*B4*C4*D4*E4*F4*G4*B5*C5*D5*E5*F5*G5 

+A4*B4*C4*D4*E4*F4*G4*A5*B5*C5*D5*E5*F5*G5 

c=A4*B4*C4*D4*E4*F4*G4*A5*B5*C5*D5*E5*F5*G5 
d= NONE 

(D) OPERATION J»M_0GIC CIRCUIT 208 

a=A4j=B4*C4*D4*E4*F4*G4*C5*D5*E5*F5*G5 
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b=A4*B4*C4*D4*E4*F4*G4*B5*C5*D5*E5*F5*C5 

M4^*C4*D4*E4*F4*G4*A5*B5*C5*D5*E5*F5*G5 

c=A4*B4*C4*D4*E4*F4*G4*A5*B5*CS*D5*E5*F5*G5 
d= NONE 
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